Triacylglycerides constitute the bulk of fat in human milk. By centrifuging the milk a layer of fat is obtained, the cream, the fraction of which correlates very well with the total triacylglyceride concentration. It is determined in analogy to the haematocrit and is called galactocrit 1 ). Protein is determined with the biuret method in defatted milk. The interference due to lactose in this assay is on average 2 g/l. Lactose is determined with an enzyme kit. The amount of macronutrients in milk determines the energy value. A protocol is proposed, which makes it possible to measure the quantity of human milk drunk by the infant and to calculate the daily energy intake.
Introduction
The resurgence of public interest in human milk s the most adequate source of food for newborn infants is reflected in a rising number of articles on this topic. The question of whether human milk is the ideal formula for the preterm or term infant can only be answered by analysing the composition of the milk. In the past, methods for determining gross composition of bovine milk were used without hardly any modiflcation for human milk. Protein was determined by the Kjeldahl procedure and calculated s total N χ 6.38 (1) . Total lipids were determined by time consuming, at present outdated methods (2, 3) and lactose was usually determined by methods depending on chemical reduction (1) .
In our clinic we were confronted with a prematurely born infant (30 weeks gestation, birth weight 1340 g) who did not grow sufficiently while being fed with normal quantities of milk from its own mother (4) . On analysis it appeared that this milk had a very low protein concentration compared with normal values known from the literature. For this reason, we initiated an investigation into the composition of human milk. The aim of this study is to present rapid and simple methods for the determination of macronutrients in human milk and to propose a protocol according to which the daily intake of a breast fed infant can be calculated.
Materials and Methods

Sampling and the calculation of energy intake
Human milk samples were either obtained at random (for the determination of the relation between the cream layer fraction (galactocrit) and triacylglycerides, and for the biuret assay for human milk protein) or from donations from both breasts according to a protocol which is used in our clinic for at term born infants. Following this protocol, milk is mechanically expressed from both breasts s many times a day s feeds are normally given to the infant during 24 hours. A 3 -5 ml sample from each expressed unit is taken for analysis whije the remainder of the unit is offered to the infant by means of bottlefeeding. The volume drunk by the infant is measured. Usually 5 to 6 feeds are given during 24 hours. By measuring the volume of the expressed milk, the amount of triacylglycerides, protein and lactose ingested by the infant can be calculated, and any possible correlation with the growth of the infant can be investigated. In addition, the 24-hour composition of human milk can be deduced.
The energy content (kJ/1) was obtained by multiplying the triacylgjyceride concentration (mmol/1) by 32. Determination of the galactocrit A sample of human milk, which can be stored at 4 °C for at least 48 h after expression, was incubated at 37 °C (which is above the melting point for human milk fat (5)) and thoroughly mixed. With a haematocrit capillary a small amount of milk was taken (length of milk column about 3 cm) and one side of the capillary was sealed. The capillaries, were centrifuged in a micro-haematocrit centrifuge at 12000g for 15 minutes. The capillaries were placed in a specially designed slide frame and projected. The length of the fat column on top of the milk (a liquid layer of a fat if present was included) related to the entire milk column represented the galactocrit. The galactocrit of a given sample was measured in quadruple.
Determination of lipids in human milk
Well mixed fresh human milk (100 μΐ, prewarmed to 37 °C) was reacted with 250 μΐ alkaline ethanol (40 g KOH in 100 ml H 2 O made up to 1000 ml with ethanol, volume fraction 0.96) at 70 °C for l h. After incubation 500 μΐ 0.15 mol/1 MgSO 4 was added and the mixture was centrifuged at 3000g at room temperature for 10 minutes. The optically clear supernatant was used for the determination of triacylglycerides using a commercial triacylglyceride kit (Bio Merieux) on a Technicon Random Access Analyser (RA 1000).
Phospholipids were determined s phosphate, after digestion with perchloric acid by the method of Zilversmit & Davis (6) , and extraction by the method of Gentner et al. (7) .
Cholesterol was detennined after alkaline hydrolysis of cholesterol esters, followed by extraction of the non-saponifiable matter, according to the method of Gentner & Haasemann (8) .
Determination of protein with a modified Kjeldahl procedure Total nitrogen in human milk was determined using the Berthelot reaction s described by Meyers & Kutten (9) . Non-protein nitrogen was detennined in the clear supernatant which was obtained after addition of 100 g/l trichloroacetic acid and centrifugation at 10000g and at-4£C for 10 minutes. Protein nitrogen (differenee of total and non-protein nitrogen) multiplied by the internationally used factor 6.38 gives the protein concentration of human milk.
Determination of protein in human milk using the biuret reaction
Prior to the determination of protein using the biuret method and lactose the human milk was defatted by centrifuging a sample of milk upside down in a tightly sealed p lypropylene tube at 3000g and at 4 °C for 15 minutes. The defatted milk sample can be stored at -20 °C until analysis..
Biuret reagent containing 18 mmol disodium ethylenediaminetetraacetate, 15 mmol Cu
2+
, and l mol of NaOH per liter was prepared s described by Chromy et al. (10, 11) . A sample of 50 μΐ defatted milk was mixed with 1000 μΐ of the biuret reagent at room temperature and the absorbance was read at 550 nm after 30 minutes taking into account the iriterference due tp the abundant presence of lactose. The res lts of the determination of protein in defatted milk using the biuret method were corrected for the galactocrit of the sample and thi s expressed in whole milk (protein in whole milk = protein in defatted milk χ (l -galactocrit)).
Determination of lactose in human milk
Lactose was determined in a l : 100 diiution of defatted milk with a cornmercially enzymic test kit (Boehringer Mannheim).
In this reaction a-ZMactose in the presence of NAD+ is split by ß-galactosidase into -D-glucose and ß-/)-galactose. The latter is oxidised by galactose dehydrogenase. The amount of formed NADH is äquivalent to the amount of a-/)-lactose.
Lactose was expressed in whole milk after correction for the galactocrit.
Statistical methods
Regression analysis was performed äs described in detail by Cornbleet & Gochman (12) . This method takes imprecisions in the measurement of both and y into account. Regression b'nes are drawn äs a function of the rest-variance.
Results
A simple and quick micromethod for the estimation of the total fat concentration of human milk has been described by Lucas et al. (13) . They correlated the fraction of cream ("creamatocrit") 1 ) read from a haematocrit capillary tube with the total fat content of a human milk sample. However, their method considers neither the distribution of the lipid classes in human milk, nor the lipid content of the defatted milk. Triacylglycerides are predominant among the lipids comprising up to 0.98 of total lipids (5).
For that reason we investigated the correlation between the galactocrit and the triacylglyceride concentration. We could not obtain a reasonable triacylglyceride assay for human milk with a commercially available enzymic kit using a mixture of lipase and esterase to hydrolyse the triacylglycerides into glycerol. Triacylglycerides and caseins present in human milk in quantities which differ from sample tö sample cause turbidity. With the aid of alkaline hydrolysis äs described in materials and methods, however, an optically clear solution was pbtained which could be easily assayed for glycerol. In order to evaluate the significance of the determination of the galactocrit äs an estimation of the total fat content of human milk we also determined triacylglycerides in defatted milk, and cholesterol and phospholipids in whole milk and defatted milk. The results are summarised in table l, which shows the predominance of triacylglycerides compared with the much lower concentrations of cholesterol and phospholipids, which agrees with the results of other authors (l, 5, 7, 14, 15) . The lipid distribution of three 4-hour donations of human milk from three mothers is shown in table 2. It is apparent that the galactocrit gives a good approximation of the total lipid content of human milk.
The total protein concentration in human milk is traditionally determined by the Kjeldahl method. Although the Kjeldahl method is considered to be an accurate one, it is time consuming because total nitrogen has to be corrected for the non-protein nitrogen content of human milk. It is necessary to correct for We therefore proceeded with the biuret method which is independent of the protein composition. Two methods were tested for the determination of protein in human milk. In the first method defatted milk was deproteinized with 100 g/l trichloroacetic acid and the resulting pellet was dissolved in biuret reagent; this method did not give satisfactory results, presumably because trichloroacetic acid does not precipitate all proteins and/or peptides. The second method is a direct one, in which lactose interferes on account of its reducing properties. With Standard Solutions of lactose and Standards containing protein (50 g/l albumin and 30 g/l globulm) and lactose we determined the interference of lactose alone and of lactose in the presence of protein. Figure 2 shows that the lactose interference is 1.5-2.5 g/l.
The biuret reaction on human milk was compared with a method using the Berthelot reaction (9) (which essentially is a modification of the Kjeldahl procedure). The results are shown in figure 3 . The protein conceiitration determined with the biuret method is about 7% higher. The day-to-day precision (CV) for the biuret reaction is 2.7% (within run precision-CV even less than l %) and the day-to-day precision (CV) of the modified Kjeldahl procedure is 8.1%. The higher CV for the Kjeldahl method is partly due to the correction which has to be made for the nonprotein riitrogen. Considering that the modified Kjeldahl procedure suffers from the additional disadvantage that it is more time consuming, we suggest that a simple, rapid and reliable determination of protein in human milk can be achieved with our biuret procedure.
Lactose was deterrnined in a l : 100 dilution of defatted milk with an intra run CV of 0.7% (n = 10, mean 64 g/l) and a between run CV of 2.2% (n = 8, mean 64 g/l).
Many factors influence the composition of human milk, one of those being the time of the day and the moment a sample is taken during a feed. A typical example is shown in table 3. Apart from the increasing triacylglyceride concentration during a feed, it also shows a difference in triacylglyceride concentration of milk obtained from the right or left breast. It is obvious that random samples of human milk do not give a representative measure of the composition of human milk. For that reason we introduced the protocol äs described in materials and methods.
Biscussion
This study shows that the galactocrit correlates very well with the total triacylglyceride concentration. As reported by several authors, triacylglycerides form the major lipid class in human milk (l, 5, 7, 14, 15) . The galactocrit represents the fraction of microscopic emulsified fat globules in human milk, of which the major proportion are triacylglycerides (0.96-0.98). The galactocrit therefpre pffers ä good approximation of the total lipid concentration, since the lipid content of the defatted milk is negligible.
In contrast with the opinion of Lemons et al. (18) we maintain that a layer of liquid fat, if present, should be included in the cream measurement. This layer of liquid fat contains triacylglycerides with unsaturated fatty acids (especially in colostrum milk) and therefore belongs to the cream.
The triacylglyceride concentration is the major determinant of the energy value. The variability in triacylglyceride concentration among samples from the same mother has already been reported by several authors (19 -22) . It emphasizes the necessity to base calculations on human milk composition over a 24-hour period, in order to avoid miscalculations of energy content.
In the early fifties it was recognized that a considerable proportion (up to 0.25) of the total nitrogen in human milk was in the non-protein category (23, 24) . However, in recent Communications some authors persist in reporting protein concentration by multiplying total nitrogen by 6.38 (25) (26) (27) . In any case, this factor is subjfect to considerable Variation, äs the relative concentrations of the different proteins in human milk changes during lactation. This fact, the time consuming procedure and the high CV of the Kjeldahl method makes it an inferior method of analysis for the determination of protein in human milk. Neither of these disadvantages accompany the biuret method, which, apart from amino acid analysis, is the method of choice. To avoid disturbance due to lipids the reaction was performed in defatted milk. After correction for the galactocrit and lactose, the results were expressed for whole milk. This is justified since the protein content of the fat globules is negligible (5). There is a difference of 7% between the biuret and the Kjeldahl method. This difference might be caused by proteins which are not precipitated with trichloroacetic acid.
The importance of a satisfactory collection procedure for human milk is obvious, considering the variability of its nütrients. Based on these considerations many authors have advocated the use of complete 24-hour expressions (19, 27 -30) . The milk was collected at some intervals during 24 hours and afterwards the milk was well mixed and the volume measured. From an analytical point of view this is a correct method. However, the main disadvantage is that during the collection period the infant delivered at term cannot be breast-fed, which excludes the possibility of calculating the energy intake from the analytical results and the volume per feed drunk by the infant. The latter can be inferred when using our protocol. We are well aware of the fact that small misreadings can be made in the volumes of the individual expressed units during a day; however, these errors are smaller than those that accompany the estimation of total milk volume by weighing infants before and after feeds during 24 hours (31). Small premature infants are usually tube fed with total 24 hour collectiöns obtained the previous day, which implies a more accurate evaluation.
Simple and rapid methods for determination of nutrients in human milk are demanded. They are important to the clinician, and they give lactating women, who may doubt the quality and/or quantity of their milk, the psychological reassurance of their capability to continue breast feeding. . f With the analytical techniques described in this paper we will draft reference values for different well defined groüps of lactating women. Further a correlation between the composition of human milk, intake and growth rate and well being of the infant will be made in a longitüdinal study.
